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(54) CATIONIC ELECTRODEPOS1710N PROCESS AND COATING COMPOSmON FOR CATIONIC 
ELeCTRODEPOSmON 

lX {57) A cation eiectrodeposltlon ceaURg process and 
cation electrodeposition coating composition that have 
a sufficient throwing power are provided. i 

A process tor cationlc dectrodepcsition coating 
which comprises the steps of: 

(1) immersing a substrate in a cationic electrodepo- ~ / jj 
sftion coating composition; £ /I 

(2) applying a voltage between an anode and said 
substrate, which serves as a cathode, to thereby 
cause coat film deposition; and 

(3) further applying a voltage to the coat film depos- 
ited so as to increase electric resistance per unit 
volume of said coat f3m„ 

wherein, in said step (3). coat films are deposited at 
those sites of the substrate where coat films have 
not yet been deposited, 

©aid cationic eJectrodepositjon coaling composition 
having a time point when the electric resistance per 
unit volume oi the coat film deposited increases in 
the course of electrodepcsition under constant-cur- 
rent conditions. 
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Description 
TECHNICAL FIELD 

5 The or esent invention relates to a cationic eiectrodeposition coaling pracess and a cationic eiectrodeposition coal- 
ing composition that are excellent In throwing power. 

BACKGROUND ART 

,o Cationic eiectrodeposition coating is a process by which even substrates compficatsd "J^£^^?£* 
therein be successW coated and by whit* coating can be conducted aulomatica^y and co^o^yTharefo^. 
S^cWL been g^erafly used as a method for providing ^^^f^^^^T^ ^ 
olieated in shape and torn, and required to have highly corrosion reastant with an undercoat As 
^oSprocSLeTlhia process Is very highly efficient from the paint consumption vieupo.nl. and hence economical. It 

has thus come into wide use as an industrial coating process. . mm- 

Cationic electrodeposWon coatina ie effected by immersing a substrate m a eauonc dectrodeposrbon coatrig com- 
•^T «1n^*Stt)Wve as a cathode, and applying a voltage thereto. In this coaling process, part film dep- 
^^^STSS^SSS^. ujr? vo£ge a^tertlon. paint emulsion partly migrate to the 
™^d^S«dZtii thereon to form acoat tarn. The coat tarn deposited shows aninsutetton perform- 
ance XTSSSSSSm. the electric resistance of die coatfJm increases pmporfionally 

as ^aiSSkMK of the deposit firm on the surface of said substrate increases. Aa a result, *e paint dep- 
^SESE SSSSSSL instead. paittlilm depoeition begins at a site having no deposit part film aa 
2 to StTSSS S-^ proceeds *om arte to arte until completion of ovejaU costng. 
KpSSclSl such f^e-tc^Vseouential patnt «m formation Is referred '^j^^-. ■ 

TK^A eiectrodeposiHon coaling process Is P^aDy appll^ * < 2|SSSSJSKS^^ 
ance. It is therefore necessary that the paint fan thickness be not less than a certain specs red ^ ™ 
wten J. auta*£« h^eTcompte stmcture Since, in cationic electrodeposltion coating, msule^^t^port^ 
Ir^ J^^aZon the surface of the substrate, as mentioned above, the throwing power is theoretically sup- 
c^SSe h£S uniform coll film formation muslbe attained in every place Of^ sub^at-- 
^^er SSpoweris not always satisfactory In the prior art cadonic 

fi.m ST^tend to Lm. Thus. -or instance, when ^^^^^ 

resulting in waste of paint, electric energy and t'me. A .-^^atie cause of reduced throwing 

nece^^ 
^tainedtheraininan^ 

ionic groups remaining m the coatf am de f^ rt ~;~^™ '° * " „ silv be fa rrTled jn a short time even on parte 

ess m which Ihe ihrowing power Is improved and by wh,ch< *»• parte that are readily coat- 
otherwise hardly coatable, whle avoiding unnecessary increases m film thickness on tnose pans 

able has been waited for. 

SUMMARY OP THE INVENTION 

,n view of the above-mentioned state of the art. .1 is a primary <*i£* >^ 
electrodeposltion coating process and a cationic electrodeposltion coating ccmposrbon by or wan 
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unit volume of the coat film depositing on the surface of the substrate with the progress of electrodeposition and found 
that the throwing power can be markedly increased whan said electric resistance per unit volume is increased in the 
course of eleotrodeposition. The present invention has now been completed on such findings. 

Thus, the clonic electrodeposition coating process according to the present invention comprises the steps of. 

M ) immersing a substrate in a cationJc electrodeposition coating composftjon; 

(2) applying a voltage between an anode and saW substrate, which serves as a cathode, to thereby cause coat film 
deposition; and 

(9)M Further applying a voltage to the coat film deposited so as to increase electric resistance per unit volume of ssxJ 

whwdnjn said step (3). coatf ilms are deposited at those sites of the substrate where coat films have not yet been 

e^c^dc electrodeposition coating composition having a time point when the electric resistance per un» volume 
of the coat f am deposited increases in the course of electrodeposftlcn under constanircurrent conditions, 

The present invention ateo provides a cationic electrodeposition coating composition thai contains 10 to 300 milG- 
moles of sutfonium group and 50 to 2,000 millimoles of etnynyl or nitriie group per 1 00 grams of the solid resins m said 
compost on. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

fia 1 schematically shows the constitution of a four-sheet box type throwing power measuring apparatus. 
Fig! 2 is a graphic representation of the relationship between electrodeposition time and fftn potential under con- 
stanHarrent conditions (VH curve) and of the relationship between electtodepoeitfon time and film thickness fart curve). 
ss The solid Une curve Is the V-t curve and the broken line curve is the u-t curve. 

Dascripfion of the lettering 

1 : plates for evaluation {the alphabetic latter indicating the surface to be evaluated and the parentheses indicating 

so " the reverse sWe] 

2: a counter elecrrode 
3: direct current 
4; through holes 

5: an electrodeposition vessel ^ .<*^ 

3*. ,..6: a magnetic stirrer •* ~— " * ~ " ^ 

7: electrodeposition paint - 

DETAILED DESCRIPTION OF THE INVENTION 

40 The cationic electrodeposition coating process of the present invention comprises the three steps mentioned 
above !«J3) te 11 step oKersing a substrate in a water-based paint comprising a cat on, c etectrodeposrt.oncoat. 

Infl Sa^uSate may any substrate made of a conductive material- Thus. It includes, but is not limited to, various aJloy 
sheets such as eurfacl treated steel sheets, untreated steel sheets and galvanized steel sheets, 
45 ahapeis not critical. Thus, it may have a simple structure, such as a plane sheet applied to ^bslm^haW 
corticated shape, such as automotive bodies and electric appliances, however, the catomc electrodeposrbon coating 
process according to the present invention can produce its effect to the maximum. 

The cafonto eiecttodepoBhon coating oonposition of the present invention has a time pent ^^ the ^ertnc 
resistance per unit volume of the coat film deposited increases in the course of eiectrodepos,tlon under constant-cur- 

50 ^^oToarrying out electrodeposition under constant-current conditions (constituent metrical, said cationic 
^JSSSS!^ comportta tas a time point when the electric resistance per unit votomaM coat flm 
• dvSwWy remaps constant after the start of coat film deposhion as resulting from voHage ^ration and later 
SpeTsaid cLposition thus possesses a property such that, at that time point the electnc res^nce per ^ £- 

ship between film potential and eJerirodeposflion time under constar^current rort »^ s ,^ *^ 
ZSJSSS BhcJ^FIg. 2. Said V-t curve shows a flexion at time tg and becomes a straight Una arising to the right 
within a time rangB around the time to # 
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m the course of elecfrodeposiSon. the film potential of the coat fflm increases proportondly to t^m^AnaB 
when Z elecbic resistance per unit volume of the coat film is constant In electrodepos.bon by the cor^-euirerti 
^cdsaS thickness increases proportionally to time, as shown by theu-tcurve in fig. a. ™»et™£*e 
Se^SoSon^aid film potential increases proportionally to time. Thus when the 
StJSanJ electrodeposiSon time under constant-current conditions flives such a V-t 

E^voiume of the deposit coat film Changes at around time ^ the electric resistance per im* volume of the deport 
coat film after time to increases as compared with fc value before bmey . 

When electrodeposltion is earned by said constant-current method, the above-mentioned c^onw elcctrod^ 
« ort Sno coZoSon to be used in the process of the present invention satistieesuch prerequ«te v«th the V-t cuve 

« Q rtwh^^ electric resistance per unit volume of the coat film increases. In the present specrf^on. »^ 
SlTetSicSlrtce per unit volume of said deposft coat film increases is hereinafter referred to as trans-ton 

POlW rne electric resistance per unit volume of the coat film can be calculated according to the following formula: 

where H< is the electric resistance per unit voJume (Q • cm)attimet, (sec). V, is impotent* l£2 ^"1*1^ 
^^nentwTtethearesCcm^ofthesubatrste.a^w lathe film thickness (cm) at timet, (sec). The resistance 

* ^toToS'JmeaTe^t of the aectrte resistances per unit volume of the coat mm. thecu^ntper ^ 
S^nc^« 

°* ef P^'^i^J^ ^^X,TiSn. the addition or no addition of an electrolytic reaction promoter, and 
is capable of ion leasing upon voflage j W»w»v ™ ____ En1fll|er applied increases. The value to 

afhef chemical factors. More specifically, the value to becomes smaller as me cun«n 

smaller as the temperature of the caMonic electrodeposltion costing composition both telle. Ae ttw eUtttt 

said Irans-tfcn point Is about 20 10 100 seconds. < ^ rmrt o» te „ ta be used in the practice of the present 

hence can be irreversibly rendered non-conductivB. 
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This Is an outstanding feature •when compared with the reversible Ion release by me amino group introduced in con- 
ventional cattonic electrodeposBon coaling compositions for rendering *em hydratabte. as ilustraied below. According 
to the present invention, callonic elaarodeposition coating compositions having the above electrodeposihon enaradter. 
isjic can suitably be prepared by using suifonium salt as the functional groio cap*le of ion releasing upon voltage 
application. 



„1 0H R* 



ss 



The amount of the functional group capable ol Ion releasing upon voltaga epptafcon b V****! nthe i range of 
10 to 300 mmol/100 g of the resin solids in said cationte electrodeposrbcn ooabng composition. At a level bBlow JO 
mnSlrlOO g. the required throwing power cannot be produced and the bath stabler becomes ^rsen^ At a lev^ 
so exceeding 300 rrvnoi/ioQ g. the coat film deposition on me surface of the substrate win be poor A more preferred range 

* ^^ovTclSslactrodeposflion coating composition may contain anrther " n ^^J™«™ £ 
its not impairing the above eleetrodepoattion characteristic As such, there may bo mentioned, tor *J°* 
neutralized am*o group In that case, the mole ratio between said acid-neotraiixed am.no group and the MncboriBl 

as vorouD «m,eble-of ion releasing-upon--,-ote5r3 appKcaicn-is preferably-CMOO to 50:50- **".''•* _ TV. . . 

K «W catjorfc ^deposition coatino composition contains a component having an grated bondln 
addition to the functional group capable of ton releasing upon voltage application, a further improved mrowmg power 
ct?£ oo^X^n LrLon therefor is unknown, it is thus preferred that eald cattonic atectrodepoaton coating 
composition further contain a component having an unsaturated bond. 

40 Surf, unsaturated bond can function also as a curable functional grot* in the cawnic electrodepos.bon ^coating 
comoosS^us^herein. me "unsaturated bond" means a carbon-carbon or carbon-hetero atom douWe or mple 
ot^ruri^ted bond may ooctr as a pendant-group terminally to the molecule or as a part of media,* Prom 
me^or^e^lnt. howeJ. it is preferred mat said bond occurs terminal to me mo.ecuto. The ethyny. or nKrtle 
orouD is nreferrad as such fermfria! unsaturated bond. ^ 

* T^e content of said unsaturated bond Is preferably 50 to 2,000 mmcl/lOO g of the reem solids .n me eaten* elec- 
trodeZ^n SSjwSSSton. At a level betow 50 mmd/100 0, the effect of the uneatwated b<^d on m^ ^nng 
Se?SS S^ttd the curing becomes insufficient At a level exceeding 2.000 mmol/100 g. the hydrabon sta- 
hilrtv of Ahe coatrrw ecrnpesffion may be adversely art acted. , ^ ^ . , _ „ . 

"rne cati^c^ec^Sosition coating process of the present invention «n ^^^J^T ^ 

« onic Biectrodaoosition coating composition of me present Invention, which is described in detail In the foNowing. 

' fe not B^d to arty parto^ species but preferably is a polyepoxide having at least t*» gtyodyT groups per ^cule 
L M S cJUte of ion releasing upon voltage application or said unsaturated bond on be re«*fy 

£23 SXSn^kefeJ S^d polyepoxide mdudes. but is not limit* to. ^PX^t'i^aS 
« Zducte derived therefrom using a dlol. dicarboxylic add. diamine or the like: epoxide polybutaaene novolak phe- 
£££ resins; «£l type pdyepoxy resins: polyglycidyl acrylate; aHphatic polyot- or polyether pdyol- 
derived polyalyddyl ethers; and poiyoasic carboxyiic add potyglycidyl esters, among others. 

Md bESn preferably has anumber average molecular weight of 260 to 20.000. more preferably 5O0 to 6, 000. 
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Th R ms ttad tor introducina the functional group capable of ion releasing upon voltage application into the case 
«J£ Z 22* one. When saw functional group Is a auHonium group, the Introduction can ba 
Si?!5! TeSS a su«y M «. mixture to reaction with the gVcidy. flroup remain-ng in sad base 

5 '^Said sulfide incudes, but is no! limited to. aliphatic sulfides. aliphatic-astatic ^rrfxed sulfides. Ml* I sulfite uand 
_, J« T «tt«rfi. Mora soecfffcallv there may be mentioned diethyl sulfide, dipropyl sulfide, dlbutyl sulfide. 
SSSSi ^SSSS!tSS^Si. tetrLethylenesuKide, pertamethylenesuifida. «""«°^ 

" n2£S*J3Sg. Thus, it ^T^n^ 

SSionic acid boric acid, butyric acid, tf methylolpropionic add. hydrocnior.c acfd. sulfuric acrf. phosphoric aod, N- 

a ^?„^^?^ a 5!S5U« C ion release upon ««age application » 500 
* m I»CrS a ZlX«»v10rm»V100 g. poor baft entity <W/^*^ «^ 
oT^h«taSbte Afunctional group. At a level exceeding 500 mmpVlOO g. tha h^>Mi S^XSo? 
^ssWeTworserfng the deposition cn the surface of the substrate. A more preferred range * 

S r^™gro^te employed as the functional group capable of »n releasing 
^ TJZ* *££2Mt£aA halt ftaJ of conventional acid-neutralfced amine can ^P^^,^ h *^**?** 

™T!T^^^TZ^«> bond such as mentioned above, the rnefrod 
k<H>«<n> "*?!U£SlES?Si. «.* conownt to *»■. -toM-H bond W 

£*aito waul gra ^^^'jSSrr^^l o* ewM «» 

as a catalyst lor promoting the curing reaction between ur«at^^ bondE_ ^ ^ 
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or acetylacatone. or to a carboxylic ^ctd such ar> acetic acid 

For film thickness control and throwing power irnprovemerrt. a nucleophillc reagent and/or electromeolatDr may fur- 
ther be added to the above cationic electrodeposition coating composition. These ingredients can promote the electro- 
lytic reaction of the functional group .capable of ion releasing upon voltage application. 

5 On the occasion when the Junctional group capable of ion releasing upon voriage application undergoes electrolytic 
reduction, said nudeophilic reagent promotes trie cleavage of the bond between the hetero atom, which constitutes the 
functional group capable of Ion releasing upon voHage application, and the carbon atom in the resin skeleton. Since the 
carbon atom in the resin skeleton is biased toward the electronically positive side, a nucleophlilc attack on said carbon 
atom can cause said cleavage. The nudBOphflic reagent ia therefore not limited to any particular spades provided that 

70 jt has a lone electron pair having nudeophilicrtyi As specific examples, there may be mentioned amines such as 
aliphatic amines, eJicycHc amines and aromatic amines, among others. 

Said nucieophilic reagent can be e&ectiy added to the catiorvc electrodeposition coating composition. In the case 
of conventional neutralized amine type catlonlc etectrod eposrtfon coating compositions, a free amine, when added, 
deprives the base resin of the neutral felng acid, rendering the electrodeposition bath very unstable. On the contrary, in 

75 the case of the catfonic electrodeposition coating composition used in the practice of the present invention, such bath 
stability impairment will not result 

Said nudeophilic reagent is added preferably in an amount of 0-3 to 25 mee/1 00 g of the resin solids in the cationic 
electrodeposition coating composition. At a level below. 0.3 meq/100 g. the Increase in electric resistance per unit vol- 
ume of the coat film as resulting from voltage application at a constant current may become slow, hence a satisfactory 

20 effect on the throwing power may not be obtained. At a level exceeding 25 meo/l 00 g, the effect may be no more pro- 
portional to the addition level, hence such a level is uneconomical. A more preferred range is 1 to 15 meo/l 00 g. 

A metal mediator is preferred as said efectromediator. As example, there may be mentioned compounds containing 
tin, cobalt, arte, bismuth, tftaniura chromium, manganese, cadmium or the like. Among thern, tin compounds are pre- 
ferred. More specifically, tin acetate Is preferred. 

ss The level of addition of the electromediator is preferably 50 to 5,000 ppm in the cationic eloctrooeposition coating 
cornposltion. At a level below 50 ppm, the eJectrcnriedJator may not produce its effect to a satisfectory extent. At a level 
exceeding s,ooo ppm, the efficiency of coat film-deposition may markedly decrease, failing to give a sufficient film thick- 
ness. A more preferred range is 1 00 to 1 .000 ppm. 

Said electromediator is a substance showing a higher reduction potential as compared with the functional group 

30 capable of ion releasing upon voltage application and is suited as, a promoter of the electrolytic reaction of thefunctional 
group. Upon application of a voltage, said electromediator is first reduced and the electromediator reduced reduces the 
functional group capable of ion releasing upon voltage application, whereupon the ion releasing reaction of said func- 
tional group becomes easi er to take pi ace. 

The above-mentioned canonic electrodeposition coating composition may contain a pigment anp* a pigment oSs- 

ifls* -pcusing resfn. .«-.- > o •■ -«■■ r*~ 4 • t*-™ t * ^.-.^^v *•* • - 

... . . Said pigment Is not Srrtted to any particular spec/es but Includes-, among others, color cagments such as titanium 

r dioxide, carbon black and iron red oxide: anti-corrosion pigments such as basic lead silicate and aluminum phospho- 
moIybdatB; filler pigments such as kaolin, clay and talc; and other pigments commonly used in cationic electrodeposi- 
tion coaling compositions. 

40 tn the above cationic electrodeposition coating corrposition, lhe level of addition of said pigment is preferably 0 to 
50% by weight as solids relative to the cationic electrodeposition coating convqsition. 

Said pigment-dispersing resin is not limited to any specie species but includes those in general use. Those con- 
taining the above-mentioned functional group capable of ion releasing upon voltage application or the above-menfioned 
unsaturated bond may also be used. The pigment- dispersing resin containing the functional group capable of ion 
4s releasing upon voftage application can be prepared* tor example, in the following manner. 

A rrydrophebic epoxy resin obtained by reacting a bisphenol type epoxy resin with a haK-blocked jsocyanate is 
reacted with a sulfide compound to give the desired resin. It is also possible to react a sulfide compound with a modified 
epoxy resin obtained by reacting a bisphenol type epoxy resin with a half-blocked isocyanate, in the presence of a 
monobasic add and a hyoVoxy-containing dibasic acid to give the desired resin. 
so Furthermore, conventional additives, such as surfactant, antioxidant ultraviolet absorber, etc, may be added to the 
cat) onic electrodeposhion" coating composition. i 

The cationic electrodeposition coating composition of the ores ant invention is prepared by adding the ingrediente 
or additives mentioned above to the base resin as necessary dispersing the mixture in water and adjusting the nonvol- 
atile matter content in the bath to IS to 25%. Then it i6 used in the cationic electrodeposition coating process of the 
es present invention. In that case, it is necessary that the sulfonium and/or ethynyl group content in 100 grams of the resin 
solids in the cationic electrodeposition coating composition be adjusted withki the range mentioned above. 

While the characteristic feature Of the cationic electrodeposition coating composition mentioned above becomes 
distinct when it is used in electrodeposition under constant-current conditions, said composition can of course be used 
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in electrodeposction under conditions other than constant-current ecnStions as we«. 

In the process of the preeent invention, step (2) is the step of applying a voltage between the n*™^*™ 
serves as a cathode, and an anode, to thereby cause coat film deposition. The voKage to be applied .a not critical but 
wed? H ?50to 5aO V. At below 50 V. electrodeposKon win become insufficient At above 500 V.fte empower 
consumption becomes uneconorrfcaDy excessive. By applyinfl a voltage within the above ™' n >^^f 
^SSSm. the coa««>m thickness can be conned with ease and ***** 
substrate subrrttted to coating, without rapid Increases <n tarn fruekness .n me course of *<**4""" 
^The bath temperature of the catmnic dectrodeposlSon coating composition on the occasion of applying the voltage 
mentioned above is preferably 1 0 to 4S°C. . 

In the process of the present invention, etep 0} is the step of further applying a voltage to the co^flm deposited 
as mentioned above to thereby increase the electric resistance per unit volume of said coat film. Said step (3) may be 
wnXS SSstSSina continuous manner or, after coat fiimfcrmatlon In step (2>, the vottage application may 
be once discontinued, followed by applying a voltage again to mereby co^u* step <3). 

Tn said step (3), a voltage le further applied 10 thecoatfOmtormed in etep®, ^» ^l^'^T^ 
be the same o? different horn thai applied in stop (2). « cases where voltage Wborns 
step O). it is convenient to employ the same voltage. In the process of the present .nventoa 
sffion characteristic of the cattonic eiectrodeposHion coating compcsrtion which census the eoa 
rl^^ceper unit volume of the coat ID* increases as a result ot further vohage aPP*««° n ' n step <^-W^™f 
marhedly Improve the insulation performance of the coat 1!lm already forme? in the ^e^ep* 
KSd tt^o becanWpoealble tor the coat film to acquire sufficient "M^^*^"^*™^*™ 
Jc^S See m ftm tWes. At me time point when, at a site ol the substrate. 

.fteiBtance oar unit volume of the coat f Urn, the elactrodeposition on that arte v sitstantially complete, immed^ 
= !t?*I^ «^ilmdSon b^lns anew at an uncoated site of said substrate. The above process is repeated 
nd y t ZSi 5SS3E can finalty be attained In all parts of the substrate, tall* 
pSert invXn can markedly increase the electric resistance per unit volume of the coat f ,lm and remarkably -mprove 

* B 1X1^«Z*^^^X^Z??^ inthe^e *epc {2) end « can genera* be made 

wasSirss^ 

^ rrcSfe'lectrodeposftton coating process of the present invention, the th.^ess of ^^<^ng 
^TJtZ nn fa 25 urn When it is below 10 pm. the corrosion resistance may be Insufficient Thicknesses exceaomg 
^^ rZ^T^L The cationrcectrodeposition coating process of the P^^^l^ .. . 
. -c^lT^cn X S^stenaallj «.tf*r.tfilmti Jcl^aii ev*r lUvOtfed surface wf-»n coatSn.tr**. 

ness is sman and ^X^^ti^t^of tha present invention, which comprises the above^nenBoned 
^'SS TSSSSSSS^SX St^on the surface of the substrate submitted to coating to • 

2lnc gas pinholes are hardly formed. 

BEST MODES FOR CARRYING OUT THE INVENTION 

The following examples illustrate the present invention in further detail but are by no means Imitative of the scope 
o* the invention. 

, Production Example 1 p™* ^on of a sult on i um - and propargyl-rnntni™ q ttBS crti{ " 1 ' c raS ' n 

Af^ee^ed wHh ^^2^.2 H 

bisphenol-based epoxy resin with an epoxy W"^ 1 *^ ff^S^^J mKTedto i2trC andtirTreaction was 
propargy. alcohol and 3.0 s ^ m ^ n ^^^^^Z ^^1^^ by ^rochloric aciddl- 

^^^^^^^^^^ -uSrass 

J5£ IQ S Toi^ichlomhydrin and 8.0 g of tetramelhylammonkjm chloride were added, the temperature was raised to 
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50*C, and 1 72.0 g of a 50% aqueous solution of sodium hydroxide was added drcpwiee over 2 hours. The reaction was 
further allowed to proceed for 5 hours under reduced pressure while continuously removing the byproduct water as ah 
a2eotroplc mixture with epiohfarohydHrt The excess epichlorohydrin was distilled off under reduced pressure, toluene 
was added to the remaining reaction mixture, and the socfium chloride formed by the reaction was completely removed 

s by phase separation using water and toluene. Thereafter, the toluene was drstffled off under reduced pressure, to give 
a propargyi-containinQ resin with an epcxy equivalent of 570 (theoretical value: 562). The yield was 88,0%. 

A flask equipped with stiner, thermometer, nitrogen inlet tube and refkix condenser was charged with 1.140 g of 
the above resin, 272.0 g of l-(2-hydrcxyethyrtrno>2^mpanol, 360.0 g of a 50% aqueous solution of lactic add and 
108.0 g of deionised water, the temperature was raised to 75*C and the reaction was allowed to proceed for 8 hours. 

to After it was conf irmed that the acid value was 5 or less, 137.2 g of deionized water was added to give a desired resin 
solution. The solid matter concentration was 70.2% by weight and the sutfonium value was 71 mmol/100 g. 

Production Example 2 Production of a surfoniunv and DrooarOYl-oonTalnlnq eooxy type caDo"ic resin 

J5 A flask equipped with stirrer, thermometer, nitrogen inlet tube and reflux condenser was charged with 1 ,663.5 g of 
a creeol novoJak-bassd epoxy resin with an epoxy equivalent of 200.4 (fcpo Tohto YDCN-701 . product of Tohto KaseO, 
510.5 g of propargyi alcohol and 5-0 g of dimethyibenzyiamine. The temperature was raised to 125-C and the reaction 
was allowed to proceed tor 3 hours to give a pnppargyl-containing epoxy resin with an epoxy equivalent of 1 ,580. 
A flask equipped with stirrer, me/momeier. nitrogen inlet tube and reflux condenser was charged with 1 ,029.5 g of 

20 the above resin, 99.0 g of H^hydrco^e^ 3&0 g of glacial acetic add and 93.5 g of deionised 

water. The temperature was raised to 75° C and the reaction was allowed to proceed for 6 hours. After it was confirmed 
that ihe acid value was 5 or less, 289.0 g of deionised water was added, to give a desired resin solution. The solid mat- 
ter concentration was 70.0% by weight and the sulfanium value was 30 mmol/1 00 g. 

25 Production Example 3 Production of a sulfomunv and niMlerCPf tfalnlnq pqlybula dlg™ *YPe SaVQ"*C LfiSQ 

A flask equipped with stirrer, thenrorriEter, nitrogen inlet tube and reflux condenser was charged with 1,000.0 g of 
epoxrdized polybutadiens with an epoxy equivalent of 200 (Njsseki PolybutadTene E-1000-a, product of Nippon Petro- 
chemicate) and 204.0 g of cyanoacetic add. The temperature was raised to 135°C and the reaction was allowed to pn> 
99 ceed for 3 hours. After it was confirmed that the acid value was 0. the mbciure was cooled to 75*C, 219,6 g of 
thiodiethanol, a2.8 g of tormic acid and 259.2 g of deionised water were added, and the reaction was carried out for 8 
hours. After it was confirmed that the acid value was 5 or less, 268.1 g of deionized water was added to give a desired 
resin solution. The soGd matter concentration was 69.7% by weight and the sulfanium value was 57 mmol/100 g. 

se- Preductien>Exajry{e agrjadufi&Efcfa ad^ um»gD&^ , t " T. 



65 



A flask equipped with stirrer, thermometer, nitrogen Inlet tube and reflux condenser was charged with 400.0 g of 
isopropyl alcohol, and the contents were warmed to 80»C. Than, a mixture, prepared in advance, of 95.0 g of acryioni- 
trile 160 0 g of ethyl acrylate, 327.2 g of methyl methacrytete, 175.0 Q of rvbutyl acrylate, 213.0 g of giyadyl methacr- 
ylato, and 25.0 g of the polymerization initiator ezobisisobutyronitrne, was added dropwise ever 3 hours. After 
completion of the dropping, the mixture was maintained at 80°C for 30 minutes and then a solution of 5.0 g of azoto- 
sisoburyronrtrfle in 142.0 g of feopropyl alcohol was added dropwise over 30 minutes. Thereafter, the system was aged 
for 1 5 hours while maintaining It at SQ'C. Tb the thus^ibtalned resin were added 204.0 g of 1 -(2-hydroxyethyHhlo>2^ 
propanoi, 270.0 g of a 50% aqueous solution of lactic add and B1.0 g of deionized water, and the reaction was con- 
ducted at 75 a C far 6 hours. After ft was confirmed that the acid value was 5 or Jess, there was obtained a desired resin 
solution. The solid matter concentration was 57.4% by weight and Ihe sulfanium value was 62 mmol/100 g. 

Production Example 5 production of a nitrile^on tainino aliphatic curing agent 

A flask equipped with stirrer, thermometer, nitrogen inlet tube and reflux condenser was charged with 655.0 got 
pentaerythntol tetraglycldYt ether with an epoxy equivalent of 213 (Denacd EX411N, product of Nagase Chemicals), 
510 0 g of cyanoacetic acid and uo g of dimathyibenzylamine. The temperature was raised to 130"C and the reaction 
was allowed to proceed until disappearance of the epoxy group as confirmed by epoxy equivalent determination by 
rrydrochloric acioXfioxane method, to give a desired resin solution. The solid matter concentration was 95.9% by weight 

Production Example 6 Production o f h pfooaravl-comaininq aromatic curing agfiDj 

A flask equipped with stirrer, therrnometer. nitrogen inlet tube and reflux condenser was charged with 1 .663.3 g of 
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nrt.niak-based eooxv resin with an epoxy equivalent of 200.4 (Epo-Tohto YDCN-701 . product of Tohto Kasei). 
^4g^rg^^ 

^ IKdTp^ceed until disappearance of the epoxy gwp as confirmed by epoxy equ»slem ^"^on^ 
hSSo^exane method. Thereafter, the reaction mixture was cooled to 120-0.^71^ 0 rt ah^ene glycol 
a SoS ether was added to give a desired resin. The solid matter concentrate was 75.0% by we.ght 

Example 1 

T^eutfonium-arrf proper^ 
, 0 Q of the nWle^ontaining aliphatic curing agent obtained in Product^ ^^J^lf^Zt^Z^S^ 
a of oalladium acetylacetonate were mixed up By stirring with a highspeed rotary rraer ^ ^ hour. UtoMdty ^rron 
1 ajSSTS ddortaed water to adjust the solid matter concentration to 20% by we-ght The thu*otta.ned aqueous 
solution was used as an eiectrodeposfflon paint 

is Example 2 

The suifonium- and prcpargyf-coniaining epoxy ftp* cationlc resin obtained* Production Example 2 tU4£9 0) 
„ wS^^ cTa^ SueLe solution of N-metiiytethanotamine with stirring to give an electrodepoartlcn p*nt 
Example 3 

The suttenlum- and nrmle-contalnlng polytoutadiene-based catiomc resm obtained ^.^^fdeiS 
,. m <. n oithe DroDarayWomaWng aromatic curing egent obtained In Production Exarrple 6. 26^ g of deiorwed 
lefa^O fotS^SylaTelonate were mixed by stirring wan a high-speed ^^'^J™^ 
SlgVd *>ri£d water wadded to adjust the solid matter concentration to 20% ^^SSSSSZ 
aSon tothe resulting aqueous solution, of 22* g of a 10% aqueous solution of tin acetate with stmng to gtve an 
electrodeposition paint 



30 



Example 4 



so 



The eulfonium- and nitrite-containing acrylic ertionic resin obtained in Production Example 4 (906.8 ^JW S I* 
the ^SSuMn aromatic curing agent obtained in Production Example 6 and 8.0 g of n.cke acetylacetonate 
, for 1 hou^^additic. ^ '^SSSSlSS^ 

toldlust-meloto matter concentration to 20% by weight To the testing aqueous solution isfurtner added 53.4 g 
of a 10% aqueous solution of dimethyl athanolamine with stirring to give an electrodeposition paint 

M easureme n t M lh* electric resistance of the COatfilm 

njsM rnlloA untr6ated steel sheets were used as evaluation sheets and immersed in one of the electrodeposition 
paints otSS SlS JTEEJo current of 5.0 rruW was aliowed to between thecountere^ 
iZESSSh J* the electric resistance value just before the relevant valuation sheet shcweda point d change 

v!,£» fl.e^spectivefi.m potential and filmthicKnees data and the extent of .ncrease-tn electnc reatet- 
ance was evaluated. The results thus obtained are shown in Table 1 . 

ft/ ^sureinent of Hie throwing PO*fil 

„ . ,, ejntUB , in Fl _ « ^ used to evaluate the four-sheet box throwing power. Four Ihers of one 

The measurement ^ 4wa^ oteced in a plastic-made electrodeposition coating ves- 

of the electrodeposition paints prepared In Examples i to * was piaceu m i eprr-SD 
8eUi00 x250x»0 mm) and stirred with a magnetic stirrer. Fourrincphosphated steel 

wteT^S^ectne insulation so that ro coat liVn could be Kxmed on said ^^j 5 ^^"^ ris* 
spying a voltage between the evaluation sheets (cathodes) and the counter electrode, wherein the vohage was raised 
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uptoaOOVin 5 seconds trcmthe start of voltage appfioafionandthenn^ntainedataoo V^Mwnds- ^Oecon- 
trofina the telh temperature at 28'C. Hie Ihus-coated evahjafion sheets were washed wrih water and bated ai 160 C 
tSSSZ A^air coding, the film thickness on surface A. which was the nearest to the "rt"^*"* 
the film thickness on surface Q. which was the remotest trom the counter electrode, ware measured and the thrwing 
^Jr was eXted in terms of- <3 surface/A surface film thickness ratb (G/A value). The results thus obtaned are 
shewn 6n Table 1. 



to 



is 



.«r t% - - 
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Comparative Example i 

a flask equipped wHh stirrer, tharmomaier, nitrogen inlet tube and reflux condenser was charged with 1,900.0 g of 
a bisphenol-based epoxy resin with an epoxy equivalent of 950 (Epiforte 1004, product of Vuka Shell Epoxy) obtained 

5 by reacting biaphenoi A with eptehlorohydrin in the presence of an alkali catalyst. The charge was dissolved in 993 g of 
ethylene glycol monobutyi ether. Then, 210 g of diethandamine was added dropwiBe while rnaintainirig the system art 
90*C . After completion of the dropping, the temperature was raised to 1 1 0 g C and the reaction was allowed to proceed 
for 1.5 hours, to give a resin solution with a resin solids content of 68%. 

Then, a curing agent derived from d^heny*meihanedilsccyanate by blocking with ethylene glycol monc-2-ethyl- 

70 hexyi ether and the above resin solution were mixed together in a solids weight ratio of (resin solution)/(curing agent) = 
75/25. followed by incorporation of 3* by weight of dibutyltin oxide, A 1,383 g portion of this resin cornposWon -fsofeis 
content 75%) was added to an aqueous solution, prepared in advance* of 21 g of acetic acid in 672 g of detanked water. 
" After stirring with a high-speed mixer for 1 hour, 4,844 g of delonized water was further added to adjust th e solid matter 
concentration to 15% by weight. The resulting aqueous solution was used as an electrodeposition paint 

is The electric resistance of the coat film was monitored by the constant-current method in the same manner aa in 
Examples t to 4 No increasing change in electric resistance per unft volume of the coat film was noted. Evaluation of 
the four-sheet box throwing power gave a Of A value of 36.8% (1 4/38). 



20 



Comparative Example 2 

A flask equipped with stirrer, thermometer, n&rcgen inlet tube and reflux condenser was charged with 1 ,664.5 g of 
a cresol novolak-bssed epoxy resin with an epoxy equivalent of 20O.4 (Epo-Tohto YDCN-701. product of Tbhto Kasei). 
457.8 g of propargyt alcohol and 5.0 g of dimethylbenzylamine. The temperature was raised to 125°C and the reaction 
was allowed to proceed for 4 hours. After it was confirmed that the epoxy equivalent had reached 1 ,360. 459.7 g of eth- 
ylene glycol monobutyi ether was added. After cooling to 90-C or below, 1 12.7 g of N-methylethanolamine was added 
and the reaction was conducted at 120°C for 1 .5 hours to give a resin solution with a resin aoNds content of 60%. 

Then, a 1,000.0 g portion of this re6ln solution was added to an aqueous solution, prepared in advance, of 25.0 g 
of lactic acid in 574.6 g of deionised water, followed by addition of 8.0 g of nickel acetylacetonate, After one hour of stir- 
ring wan a high-speed m»xBr, 2,400.0 g of delonized water was further added to adjust the solid matter concentration to 
20% by weight The resulting aqueous solution wa6 used as an electrodeposition paint 

The electric resistance of the coat film was monitored by the constant-current method in the same manner as in 
Examples 1 to 4. No increasing change in electric resistance per unit volumB of the coat tarn was noted. Evakjatfcn of 
the four-sheet box throwing power gave a G/A value of 40.6% (13J32). 

w EFFECTS OF-TH^lNJVENTlON '-'^ " ' ' *" 

The C afionlc electrodeposition coating process of the present Invention, which has the constitution mentioned 
above, produces a very high throwing power and can term a satisfactory coatfftn even on delate of a substrate having 
a very complex structure, hence can form a generally uniform coat film, The external sheets of a substrate can be 
coated without ixtnecessariry increasing the film thickness, hence a reduction in the cost of catjonrc electrodeposition 
coating can be realized. 



$0 
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Claims 

«s 1. A calionic electrodeposition coating process which comprises the steps of: 

(1) immersing a substrate in a catlonic electrodeposition coating composition; 

(2) applying a voltage between an anode and said substrate, which serves as a cathode, to thereby cause coat 
film deposition; and , , 

60 (3) further applying a voltage to the coat film deposited so as to increase electric resistance per unzt volume of 

said coat film, * 

wherein, in said step (3). coat films are deposited at those sites of the substrate where coat films have not yet 
been deposited, 

said calionic electrodeposition coaling composition having a time point when the electric resistance per unit 
volumB of the coat film deposited increases in the course of electrodeposition under constant-current condi- 
tions! 

2. The cationic electrodeposition ooating process according to Claim 1. wherein the increase in electric resistance per 
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unit volume ot the coat film taxes place as a result of irreversible ion release by a hydratable functional group con- 
t ainec! in said coat film, which occurs In stap (3)- 
3. Tha cationic alectrodepoerficn coating proems according to Ctaim 2. therein the hydratable functional group fe sul- 
fonium sail 

4 Thecaaonie dectrcdepcaiticn coating process according to Claim 1,2 or 3. where* the cationic elecirodepositW 
coating composition contains a component Having an unsaturated bond. 

B. The clonic elsctrodaposrSon coating process according to Claim 4, wherein tha unsaturated bond is ethynyi or 
nitrile group. 

MnSZ^ in the course of said e.ectrodeposition under constant-current colons, 
tha base resin sold. 

9. The cationlc dectrodeposrBon coating composition according to Cteim 7 or 8 which contains, as a catalyst a tran- 
sition metal bound to an organic group or groups, 
to. The cafionic a.ectiodepoe^ coatir* composition according to Cairn 7. a or S which contains a nudeophil* rea- 
gent ot an electromediator. 
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Fig. l 
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